While TMD is naturally endowed with the property of valley to optical-polarization coupling, the photonic metasurface is designed to produce chiral field which selectively couples to the valley degree of freedom of solid-state TMD component. We experimentally demonstrate that such coupling leads to controlled valley polarization due to the coupling of 2D materials with the chiral photonic metasurface. The measured emission from valley excitons in this hybrid system yields the preferential emission of specific helicity.
Introduction
Atomic monolayers of transition metal dichalcogenides (TMDs) have seen large scientific interest for the past few years, owing to their dramatic quantum confinement effects, such as indirect to direct band gap transition, broken inversion symmetry, large exciton binding energy and strong photoluminescence. In addition, the broken inversion symmetry in monolayer TMDs result in valley specific light emission due to the excitation of a specific valley in the momentum space, i.e, the optical transitions at the K and K' valleys are allowed for σ + (right) and σ -(left) circular polarized lights, respectively -the phenomenon referred to as "valley polarization". The generation and detection of valley polarization has been achieved by pumping directly light with specific handedness [1] [2] [3] . While the K and K' valleys have different selection rules, they are energetically degenerate and this degeneracy was lifted using the valley Zeeman effect using either magnetic fields 4, 5 or through intense optical pumping 6 . However, all of these demonstrations were far from an integrated chip-scale architecture. The control and manipulation of valley specific transitions (K or K') has been in a strong demand for its application in spintronics, valleytronics and as information carriers in quantum computation. More recently significant interest emerged in the context of photonics, and coupling of plasmons, which naturally have chiral properties 7, 8 , to excitons in TMDs was investigated [9] [10] [11] .
Here, we report a novel approach to address selective valley polarization at room temperature by engineering a hybrid solid-state photonic interface, whose photonic component represents a dielectric Chiral metasurface generating chiral near field for the linear polarized incidence. This Chiral metasurface is interfaced with WS2 TMD monolayer and generates left and right handed circular polarization depending on the orientation of the incident linear polarization. Thus, the metasurface design permits selective valley (K and K') excitation, and respective σ + (left) and σ -(right) circularly polarized light emission from the WS2 TMD monolayer and the hybrid device as a whole. So, the designed metasurface has shown the ability to generate preferred handedness of the circular polarization due to the excitation of a specific valley in the WS2 monolayer. The dielectric chiral metasurface is designed with two Ge nanorods of asymmetric lengths arranged orthogonal to each other on a WS2 monolayer, which was mechanically exfoliated on to PDMS stamp and transferred to thermal oxide coated silicon substrate. polarization of definite handedness is produced (Fig. 2c) . Similarly, the -45 0 incidence results in opposite handed circular polarization with respect to +45 0 incidence (Fig. 2d) . The handedness of the circular polarization can be summarized from the phase difference between the Ex and Ey components of linear polarization for +45 0 and -45 0 incidences as shown in Fig. 2b . This is an indication of circular polarization generation from this orthogonal geometry of two asymmetric nanorods at the choice of wavelength. The optimized nanorod geometry shows this chiral resonance at WS2 exciton resonance wavelength of 615 nm. The electric field distribution ( Fig. 2e and Fig. 2f ) show hotspots with specific handed circular polarization. The electric field distribution corresponding to the resonance at 625 nm shows strong confinement of electric field at the 20 nm gap between the rods and between the antennas, revealing chiral hotspots of left and right handedness. The media files attached to the Fig. 2e and Fig. 2f show the circular polarization response from the Chiral metasurface for the linear polarization incidence.
Chiral metasurface design and simulations

Experimental results
Fabrication:
An atomic-layer-thick monolayer of WS2 was mechanically exfoliated onto a PDMS stamp and transferred to the 300 nm thick thermal oxide deposited silicon substrate. The monolayer was annealed in the nitrogen atmosphere at 300 0 C prior to polymer spin coating. The dielectric chiral metasurface (Fig. 1d) The dispersion of the structure (Fig. 3) was measured using Fourier space (k-space) imaging spectroscopy with linearly polarized white light. The structure shows dipolar resonances for linear polarization along short and long Ge rods at 540 nm and 680 nm wavelengths with dispersions as shown in Fig.3a and 3b , respectively. For linear polarization at -45 0 angle as shown in Fig.3c , an asymmetric dispersion towards +k direction is observed. In contrast, for +45 0 angle of incidence this dispersion is found to be flipped towards -k direction as shown in Fig. 3d . The degree of linear polarization (DOP) is measured from the maximum to minimum ratio of reflected laser intensities. The DOP, as shown in Fig. 3e , is found to be maximum at wavelengths 575 nm, 600 nm and 625 nm as 55%, 50% and 47% respectively. These experimental results agree with the simulation results of chiral metasurface with WS2 monolayer shown by black colored curve in Fig. 3e . However, the experimentally measured resonances are found be differ with simulations by 10 nm, which is attributed to the imperfections in the nanorod dimensions due to e-beam scattering during lithography process. The reduced degree of circular polarization of chiral metasurface with WS2 in comparison to the bare chiral metasurface is found to be due to the absorption losses of WS2 monolayer. Fig. 3f shows the reflected laser intensity at 575nm
Optical characterization
wavelength of excitation as a function of the angle of the second polarizer. The elliptical shape of the angular dependence of the reflected light suggests that the output light is circularly polarized to a large degree in far field, thus confirming chiral near-field. The observations for -45 0 angle of incidence is found to be flipped as shown in Fig. 3f . The selective valley polarization of the WS2 monolayer is investigated by fabricating the chiral metasurface on the top of the monolayer as shown in Fig. 1d . Having the monolayer on top of the metasurface is found to have a detrimental effect on valley polarization due to strain induced intervalley scattering 13 . Therefore, the chiral metasurface was fabricated on top of the monolayer.
Results and Discussion
The experimental observations were performed by using tunable pulsed laser source (Toptica) and k-space spectroscopy. Valley polarization of the bare monolayer of WS2 without the metasurface was studied with excitation wavelength of 625 nm for circular polarization incidence. The photoluminescence (PL) emission from the bare WS2 monolayer on excitation with σ + (LCP) and σ -(RCP) polarizations were resolved respectively into σ + (left handed) and σ -(right handed) circular polarization basis by using the combination of a quarter wave plate and a linear polarizer.
The laser line was filtered by using a long pass 635 nm filter. The emission profiles were dispersed by 500 gr/mm grating, Princeton Instruments monochromator, and analyzed by an air-cooled CCD detector. The metasurface with monolayer was excited with excitation wavelength of 625 nm with linear polarization at +45 0 orientations to the two Ge rods as shown in Fig. 2 . The structure is found to show 47% maximum degree of circular polarization at this wavelength. The k-space PL dispersion plots are found to show (Fig. 4a ) minimum intensity for σ + (left handed) and maximum for σ -(right handed) circular polarization emissions at helicity resolved angles. These emission intensities are found to be reversed when the incident linear polarization is changed from +45 0 to -45 0 (Fig. 4b ). 
